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ABSTRACT: Household energy in sub-Saharan Africa is largely derived from woodfuels burned in simple stoves
with poor combustion characteristics. These devices emit products of incomplete combustion [PICs] that both
damage human health and negatively impact the atmospheric radiation budget. We use empirical studies and
published emission factors to estimate the pollution associated with production, distribution and end-use of common
household fuels and assess the impacts of these emissions on public health and the global environment. We find that
each meal cooked with charcoal has 2-10 times the global warming effect of cooking the same meal with firewood
and 5-16 times the effect of cooking the same meal with kerosene or LPG depending on the gases that are included in
the analysis and the degree to which wood is allowed to regenerate. However, although charcoal is worse than other
fuels with respect to GHG emissions, it can lead to reductions in concentrations of pollutants like particulate matter
(PM). Concentrations of PM in households using charcoal were found to be 88 percent lower than households using
open wood fires (charcoal: 465±387 µg/m3; open wood fires: 3764±714 µg/m3 (mean±95% CI)). Two years of health
data collected from Kenyan families using wood and charcoal shows that charcoal users experienced 44-65 percent
fewer cases of acute lower respiratory infection (ALRI) compared to wood users. Understanding the costs and
benefits of household energy options is an important step in designing effective energy policies.
Keywords: charcoal, CDM, developing countries, GHG, LCA
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INTRODUCTION

In many African countries, energy use is dominated by
the residential sector. At the household level, energy is
derived primarily from solid biomass fuels burned in
simple stoves with poor combustion characteristics.
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Figure 1: Per capita energy consumption and elec. rates
for top-10 energy consuming countries in SSA in 2000.
Figure 1 shows per capita energy consumption by fuel
and rates of household electrification in the top-10
energy consuming countries in the SSA region. It is
evident from the figure that, with the exception of South
Africa, biofuels dominate national energy supplies. Even
in countries with significant fossil fuel resources like
Gabon, Nigeria, and Angola, biomass constitutes the
majority of national energy consumption. Moreover, it is
clear that household electrification rates are quite low.

The regional average (not shown on graph) is roughly 23
percent of households. However, electricity tends to be
the most expensive option for cooking, so that even in
countries where household access exceeds the regional
average, biomass fuels still dominate energy supply. In
addition, although the graph does not differentiate
biomass fuels, biomass is typically used in different
forms in SSA. The most common forms of biomass are
unprocessed fuelwood and charcoal, with limited use of
crop residues and dung. Regionally, roughly 20 percent
of the wood energy harvest is processed into charcoal
before final consumption, but in some countries the share
of primary wood off take that is made into charcoal may
be as high as 40 or 50 percent. Charcoal and fuelwood
must be differentiated because they have very different
emissions patterns. In addition, charcoal is a more
commercialized fuel and the nature of charcoal markets
typically lead to greater woodland exploitation than
fuelwood. This impacts the net GHG emissions resulting
from charcoal production and can result in local
environmental degradation (we will not discuss this
further here, but see, for example, [1, 2]). Heavy reliance
on biomass can have significant negative impacts on
indoor air quality and on the global climate. Indoor air
pollution from residential combustion of solid fuels is
one of the leading causes of death worldwide. Health
impacts are largely the result of individual exposure to
high smoke concentrations in households using solid
fuels. This exposure is considered responsible for 1.5-2
million deaths per year, almost entirely in developing
countries [3-5]. Figure 2 shows estimates of leading
proximate causes of global mortality.
In addition, countries that are heavily reliant on
woodfuels tend to have low GHG emissions relative to
industrialized countries. However, the majority of their

emissions tend to originate in the household sector, both
as a result of land use activities and energy consumption.
In this brief paper, we only consider energy consumption,
though we acknowledge that in biomass-dependent
societies, the two are strongly linked and the land-use
component may dominate emissions. In the remainder of
this paper, we develop the links between health
damaging pollutants and GHG emission further. Based
on three separate studies conducted in Kenya and India
over the past several years, we compare different
household energy technologies, and consider some ways
to take advantage of the link between GHGs and indoor
air pollution in order to reduce emissions of both.
Blood pressure

shows gases falling under the Kyoto Protocol with and
without CO2 for wood and charcoal while the bottom
graph shows all PICs with a measurable warming effect
with and without CO2 (see [7] for a discussion justifying
the analysis of GHGs not included in the Kyoto
Protocol). All graphs use the same vertical scale.
Excluding CO2 from the assessment is a simple way to
simulate sustainable biomass harvesting practices and
including CO2 implies that the biomass is not replaced at
all. In the context of wood and charcoal in sub-Saharan
Africa, the actual situation is obviously lies somewhere
in the middle, but there is no reliable data on a national
or regional level so we limit our analysis to the two
extreme cases.
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GHG ESTIMATIONS
The first study, which was performed in India,
assessed emissions factors for major pollutants in 28
stove-fuel combinations in common use [6, 7]. The
results of the study showed that most biofuels lead to
higher global warming impacts than common fossil fuels
because of poor combustion characteristics, which lead to
high emissions of methane and other PICs. Figure 3
shows emissions of individual greenhouse gases and net
global warming impacts (GWI) for a selection of the
stoves and fuels tested in that study.
The emissions are converted into CO2 equivalent
units using 20-year Global Warming Potentials and
account for the efficiency of the stove so that the
emissions from each stove can be directly compared on
the basis of “energy delivered”. The top graph shows
results for each pollutant and the two lower graphs show
the aggregate effects of all pollutants. The middle graph

g-C CO2 eq per MJ delivered

Figure 2: No. of global deaths (x 1000) for 12 leading
risk factors in 2000 [3].
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Figure 3: GHG emissions from common stove-fuel
combinations as reported in [6].
A full comparison of the impact of household energy
technologies requires more detailed analysis. Fossil fuels

and charcoal are associated with substantial “upstream”
emissions while unprocessed fuelwood is not. A more
accurate impact assessment of long-lived pollutants that
are dispersed globally should include “upstream”
emissions including extraction, production, and
distribution processes. The second study that we
incorporate in this analysis measured the emissions from
charcoal production in several developing countries,
including typical earth-mound charcoal kilns in Kenya
[8]. Charcoal production is an extremely GHG intensive
activity because it is essentially wood pyrolisis with the
gaseous products vented to the atmosphere. Figure 4
shows the results of four different empirical analyses of
charcoal production from Africa. All pollutants are
included, with the gases relevant for the Kyoto Protocol
(CO2 and CH4) included in the lower two (solid) entries.
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larger impact relative to other fuels. These results are
shown in Table II.
Table I: g-C in CO2 equivalents (20-yr GWP) released in
each step of the fuel cycle per MJ-delivered to the pot for
GHGs within the Kyoto Protocol (CO2, CH4, and N2O).
LPG
Kerosene wick
stove
Eucalyptus in
an open fire
Eucalyptus in a
ceramic stove
Charcoal

LPG
Kerosene wick
stove
Eucalyptus in an
open fire
Eucalyptus in a
ceramic stove

1,000
500
Pennise et al.
Kenyan Earth kiln

Brocard et al.
(W. Africa)

Bertschi et al.
(Zambia)

Figure 4: Emissions from charcoal production of each
major pollutant showing pollutant mass per kg charcoal
produced in C equivalent units weighted by 20-yr GWP
(note: N2O was reported for the Kenyan and W. African
studies, but is negligible compared to other emissions).
We combine the results of this study with end-use
emissions reported in the study described above to arrive
at a full life-cycle GHG emissions estimate. To make the
comprison, we estimate upstream emissions from fossil
fuels like LPG or kerosene from Life-Cycle Assessment
(LCA) models. We use one such program in our
assessment [9]. We ackowledge that this model is based
on emissions from the production of these fuels in the US
economy, so that we only obtain an approximation of the
emissions that are likely to occur in a developing country
like Kenya. However, in the absence of better data, we
opt to use this model for approximate emissions data.
We also include emissions from transportation of the
fuels based on USEPA emissions factors for heavy-duty
diesel trucks adjusted to reflect the age and condition of
vehicles used to transport charcoal in Kenya [10]. Table I
shows the result for one assessment: counting only gases
that fall under the Kyoto Protocol (CO2, CH4, and N2O),
but assuming full biomass regeneration so that CO2 is
omitted from the assessment for wood and charcoal
(assuming that regrowth of biomass removes it from the
atmosphere). Our estimate shows that even in this ideal
case, charcoal is associated with five to ten times the
global warming impact of wood, and roughly five times
worse than each fossil fuel. Table I shows a “best-case”
scenario. If the woodfuels are not harvested sustainably
or we consider the effects of gases that do not fall under
Kyoto, but still have an impact on the atmospheric
radiation budget [11], we find that charcoal has a still
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Table II: Net life cycle GHG emissions for a range of
GHG combinations expressed in terms of g-C (CO2
equivalent units) per MJ delivered.
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With solid fuels in general, the same processes of
incomplete combustion that release large amounts of
GHG gases also release potentially harmful pollutants
into the indoor environment. However, different fuels
release these pollutants in different relative quantities,
which means that the worst performer from the GHG
point of view is not necessarily the worst gas in terms of
health impacts.
This is especially true in the case of charcoal.
Although it typically has poorer combustion efficencies
than other solid fuels [6], the charcoal production process
creates a fuel that burns with far less smoke than wood at
the point of end-use, leading to lower emissions of PM.
Of all of the common PICs released by solid fuel
combustion, PM presents the greatest health threat.
3

HEALTH IMPACTS FROM HOUSEHOLD FUELS

This brings us to the third study that is incorporated
in this analysis. This is an in-depth analysis of exposure
to indoor air pollution in Kenyan households. 55
households were monitored for over 200 individual
measurement-days [12, 13]. The study found that
households using charcoal had significantly lower indoor
concentrations of PM. Exposure to PM has a strong
causal association with acute respiratory infection (ARI),
one of the leading causes of illness and death in children
under five worldwide [4, 5, 14]. Figure 5 shows the mean
concentration of PM10 observed in these households (see
supplemental data from [13]). The dashed line shows the
USEPA’s standard for exposure (24 hour average
concentrations of PM10 should not exceed 150 µg/m3).
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Figure 5: [PM10] in 55 rural Kenyan homes using
different cooking technologies (mean±95% CI).
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This study also found a significant relationship
between the incidence of respiratory illness and exposure
to PM in the household. Table III shows the reduction in
risk of contracting ALRI between groups of people using
charcoal relative to groups using fuelwood (study groups
were similar in demographic status). From Figure 5 it is
clear that households using charcoal stoves typically
have PM concentrations around 500 µg/m3, while
households using wood in an open fire have
concentrations over 3000 µg/m3. The risk of children
under 5 contracting ALRI is 44% lower in households
using charcoal rather than fuelwood. The reduction in
risk for adult men (15-49) is very similar, while the
reduction in risk for adult women is 65% [15].
Table III: Relative change in prevalence of ARI as a
result of switching from wood to charcoal (from [15]).
Charcoal stove
% time spent with
ARI (95% CI)

F

0.05 (0.04–0.06)

0.03 (0.03–0.03)

44%

M

0.06 (0.04–0.07)

0.03 (0.03–0.04)

44%

F

0.02 (0.02–0.02)

0.01 (0.00–0.01)

65%

M

0.01 (0.01–0.01)

0.01 (0.00–0.01)

45%

Sex

0–4

15–49
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Open wood fire
% time spent with
ARI (95% CI)

Age

not already used. Of course, expanded charcoal
utilization needs to be done in the context of a woodfuel
sustainable supply. This presents a good opportunity for
carbon finance mechanisms. The costs of carbon
reductions through improved charcoal production
techniques and sustainable woodland management for
feedstock supply should be competitive with other forms
of carbon emission reductions. In addition, this form of
investment meshes very well with CDM goals of
sustainable development. We will explore this further
and provide estimations of the costs of both carbon
offsets and expected health improvements in available
through sustainable charcoal in forthcoming research.

% difference
in time spent
with ARI

DISCUSSION

This analysis shows that charcoal is associated with a
very large GHG burden relative to other household
energy options. For example, the total emissions from
charcoal production and use in Kenya, one of the largest
consumers of charcoal in SSA, are equivalent to
emissions from transport and industry even if all of the
harvested wood is replaced. However, charcoal is also
associated with lower concentrations of indoor air
pollution, which is a major cause if illness and death in
developing countries. Charcoal has been associated with
improved health in rural Kenyan households compaered
to open wood burning [12, 15]. Although fuels such as
LPG and kerosene burn with fewer emissions, these are
not always viable options for fuel substitution among
poor households because of cash constraints and lack of
supply infrastructure. Similarly, clean-burning biofuels
like bioethanol may be appropriate solutions in the longterm, but are not likely to satisfy household energy needs
for poor rural consumers any time soon. Thus we raise
the question of promoting charcoal as a near-term
alternative to unprocessed fuelwood in areas where it is
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